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A PRECISE, GENERAL-PURPOSE 
IMPEDANCE BRIDGE 


A few y(*ars ago, when wo wore 
considering the redesign of tlie old, 
sloping-panel Type 050 Impedance 
Bridge,^ we had to decide wind her to 
make a 1% bridge, like the 050, or a 
bridge of higher accuracy for nuKlern 
pn'cision components. Generally, a re- 
desigiKHl instniment should do all that 
its predecessor did. only l)etter, by 
taking advantage of improved com¬ 
ponents and techni(|ues. We knew that 
our piTcision components could be used 
with conlidence in an 0.1% bridge. 

1% bridge, however, has the advantage 

•R<»l>rri K. “Thi» f’onvcnipnl of 

f. R, aful L," dmrml Radio Exprrime$drr, 7, It ft 12, 
April-.May. 103.1. 


that the main component (G, li or L) 
can lie pre.sent(*d on a .single logarithmic 
dial, thus providing a .simple balance 
adju.stment for rapid mea.surements. 
This was so important that we decided 
to make two bridge's. The Type 1(>50-A 
Impedanct' Bridge^ intro<iuced three 
years ago has a numlier of important 
impmvements. but it retained the single 
(’RL dial and 1% liasic accuracy. It was 
an immediate In'st seller. For those* who 
iK'cd greater a(Turacy, we now introduce 
the precision im|a*danc(' bridge, the 
0.1% Type KUKS-A. 


•Hrnry P, Hnll. ’*A New I’nivcrvAl Briditr.** 

fienerol Rmlio Kxit^hmrntrr, 33. 3. .Murch. IO-tO. 



Figure 1. Panel view of the Type 1608-A Impedance Bridge. 
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SCRtES CAfiACITANCe 




Figure 2o. Elementary tchemotics of the capacitance and conductance bridges. 


Tliid iic‘\v, st‘lf-(MHjlaiiii*tl .‘<y.s- 

teni iiifliiilfs .six rimiifs for 

coiiiploti* plinsi' coviTJiKt* of IIk* pas.siv(' 
half of l)u« iin[)<uiaii(’(‘ planr, a Nkc 
oscillator and sclt*clivc detector and 
lliree dc jxtwer supplies for dc resistance 
and conductance iiit*a.surenients. The 
main desif^n objective for (liis instru- 
ineiit. lH‘si<lcs hijjih accur.icy, was to pjet 
a simply adjusted anil easily read 
balance and readout system. Tlie uniipie 
main balamv system u.s<*d is almost as 
easy to lialaiice as a simpK* 1% (iial and 
ceiiainly much ea.sier to read. 

THE BRIDGE CIRCUITS 

'I’lie bridge circuits in the* 'rii't: 
lt;P.S-A, Fij^uv 2, are the familiar .stories 
and parallel inductanci* and capacitance 
’. riill^es us«»d in tlie 'FveF. IlioO and simi¬ 
lar inslruineuts. .Vl.so included are ac 
v4‘rii‘s-re.sistance and parallel-conduct¬ 
ance bridal's, both of which have pha.se 
H}) adjusttnents not found in oth<‘r 
bridal's of this typi*. Tliivse circuits make 
po.ssible a precise ac balance* on an 
indiii'tive or capacitive re.sistor and i^ive 
a mea.Mire of its reactaiuH*, which is 
valuable for predicting tin* frequency 
chjiract<*ri.stic. 

'riie inclusion of these two bridy;es is 
important for more than ju.st mea.siire- 


meiits on rc.si.siors, .since tlif‘y till out 
the pa.s.sive half of the complex plane, 
as shown in Fij^ire 3. They make 
po.ssil)lc the meii.suriMuent of a very 
lo.ssy inductor or capacitor without a 
.siTious ‘^slidinK null/’ sinev tin* com¬ 
ponent can Im‘ mea-siired as a resi.sior 
and the inductance or capacitann* calcu¬ 
lated from the mea.siired and A* 
(or (/). Some brid>?(*s have wide 1) or 
rant^es on the appropriate L or V bridn:e 
to mea.siire lo.s.sy com|>onents, but when 
the is Im‘Iow (/> alH>ve 2), the 
resulting tedious sliding null makes 
them usc'le.ss for practical inea.surtMnent. 
'rhe Tvi'K ItioO-A IintK'dance Bridge 
us(*s the patented ohtho.nuli;^^ mech¬ 
anism. whii-h greatly extends the u.s(‘ful 
range. This device ivi|uin*s a logarith¬ 
mic cRL adju.stment, which would 
impractical with the linear iligital n*ad- 
out of the new bridge. Although the 
use of the R and G bridges diM*.s 
r(M|uire a calculation to get A or (' 



the high accunicy of the Q n‘ading 
(:ir2^o iO.fKKlo) r(\sults in Ix'tter 
L or (’ accuracy at very low f/s than 
does ev'en the oHTHoNrLL mechanism. 

»ll. r. tlnll. ‘•Orilionull \ MccImniPiil I)ovir«» fo 
lnu»rt»v«* ari«lu»* anlntm* f’unv»<r|ti*nce,*’ Gvnttitl Utuiio 
Krt>^rimrntrr, 3;l. 1. A|iril, 
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semes INOUCTANCe PARALiet INOUCTANCe 



Figure 2b. Elementary schematics of the resistance and inductance bridges. 


The bridge ranges extend up to 11(K) 
Atf, llOOh, 1.1.MS2 and I.IH and down 
to O.Oopf, O.Oo/xh, 0.05ini2 and O.Oony 
(20kMl2) whieh is the maximum res¬ 
olution, corresponding to one-half of 
the last digit. The L and C ranges ai*e 
moi*e than adec|uate to cover any 
practical auditHfrc-quency (‘omponent, 
and the combination of an R and a G 
bridge gives resistance coverage from 



Figure 3. Phase coverage of the Type 160B-A 
Impedonce Bridge. 


().()5mS2 to 20kMl] with the range from 
112 to IMS] covered on both bridges. 
These two bridges can be used for both 
ac and dc measui’ements. 

CONTROLS 

The Main Readout (C, G, R, or t) 

An important design objective was a 
readout system that non-technical per¬ 
sonnel coidd read without error. Even 
the most experienced engineer occasion¬ 
ally makes a mistake in interpolating 
a scale or applying a multiplying factor, 
and in an important project one oc¬ 
casional mistake can l)e costly. For 
repetitive production testing, the opera¬ 
tor may be skilled at reading scales, 
but few can keep this up all day without 
a mistake. We felt, therefore, that our 
customers would value a simple digital 
display, very similar to an automobile 
odometer, but with decimal point aiul 
unit indicated, as shown in detail in 
Figure 4. There are two obvious ways 
to drive such an indicator, which, of 
course, must accurately track the preci¬ 
sion-rheostat balance adjustment. One 
is to have a separate adjustment for 
each digit, as is done on a decade box. 
This re(]uires four knobs, with the 
resulting annoyance of adjusting all 
four to vary the setting between 9900 
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Figure 4. The dlgifal 
CRL readout includes 
automatic decimal 
point location and il¬ 
luminated indication 
of the units of 
measurement. 

and lOfMlO, TIk* other method one 
input drive, hut. to get from one end to 
the other, the operator would have to 
grind through all lO.OfX) positions, 
which is tedious and time consuming. 

We compromised on two controls, a 
coarse and a fine, (‘ach adjusting two 
digits (the first actually goes to 114). 
ICach of thesi' controls can be swept 
through its range in le.ss than one rev¬ 
olution. Therefore, during a balancing 
procedure; when the operator comes to 
the end of the* fine adju.stmeiit range, 
the coarse control is moved one digit, 
and less than 1 revolution of the fine 
control will re.set it to zero. 

To facilitate furthiT this problem of 
transition between the two adjustments, 
the vernier scale extends beyond 90 to 
IIK). 44us overlap of the adjustment*; is 
particularly useful for precisitin com- 
|K)nents, which are usually in integral 
values, .so that the tinal adjii.stment is 
varied about a reading such as 0900 and 
10000. IIowevTr, the second dial (from 
the riglit) could not \)0 lal)eled 10 since 
this would give the sequence 0090, 
00100, which would Im* mi.‘<leading. 
Alsr>, a little thought will show that a 
geiH'va-type transfer to “carry the* 1” 
would cau.s(» confu.sion since the operator 
would not know where he was on the 
line adjustment. 'Fherefore, we liave 
adapted the convention of using X to 
represent 10 in one tiigit. The scniuence 
now iKTomes 9000, 99X0, 90X1, etc., 
which se(Mn.s unii.sual at first, but Is 
easy to miuster. 


The “Centade” 

44ie coar.s(' control of the main read¬ 
out varies from 0 to 114, ami each digit 
must represtud a precise deten ted .step 
of re.sistance in the bridge circuit. We 
have referred to this adju.stinent as a 
“centade” since it is similar to a decade 
resistance box, but ha.s approximately 
100 fixed steps controlled by one knob. 
'Fhe obvious (and e.xpensive) way to do 
this is to put 114 preci.sion resistors in 
stories on a detented switch, which 
should be a shorting type to avoid 
discontinuities. The cheap w^iy is to u.se 
seven resistors in a binary .sequence and 
code a multiple contact switch to give 
a decimal scale. This method results in 
hirge adju.stinent discontinuities, whi<*h 
would give large momentaiy bridge un¬ 
balances at those steps where some re- 
.sistors switched out and others .swit(*hed 
in. The woiYit step is l)etween 1)3 and 04 
where the .stories combination of 1 -|- 
2 4- 4 -f 8 -f It) T- 32 is switched out 
and 04 is .switchi'd in. This coded binary 
.scheme would have a momentary value 
of either 0 or 127 between t’)3 and 04 
unle.ss these tw'o switching functions 
wtit; performed exactly at the same 
moment, which is impo.ssible. 

The .scheme u.^^ed in the centade has 
all the advantages of tlie continuous 
series arrangement but uses 40 resistors 
instead of 114. Tlie .switching sequence 
is show n diagrammatically in Figure 5. 
Mere each r(‘sistor in the .series chain has 
a value of three times that of a single 
step, /?, in the adju.stinent. The inter¬ 
mediate values are obtained by shunting 
each s(*ries i*e.'<istor with one or both of 
the two re.‘<istors mounted on the rotor. 
As .shown, at step 1 the resistance value 
is 3/1* plus the parallel combination of 
3/?, (i/f and 2/^, wliich comes out to be 
a total of [R. In .step 2 the 2R resistor 
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is removed, pving a total of 5/?, and in 
step 3 both shunting msistors are re¬ 
moved, giving ()/?. Xot>c that when the 
.shunting rotor re.sistoi*s are moved into 
po.sitioii for .shunting the next .series 
re.sistor they are not in cireuit, and so 
there is no ^•oineidence problem. This 
method could actually Ik? extended to 
H'duce further the numl>er of n'.sistors, 
but the numl)er saved for each additional 
rotor contact becomes .smaller, and the 
(iesign becomes more (complex. 

The switch stator is on an etched 
lx)ard with a rhodium-plated contact 
pattern similar to that shown diagram- 
mat ically in Figure 5, and the precision 
resistors arc mounted directly on this 
board along with the phase-compen.sat^ 
ing components (see below). The rotor 
is a .small etched board mounting the 
two shunting re.sistoi-s. The contacts are 
precious metal and the rotor takeoff is 
a slip ring. 

The fine, or vender, control is a 
wire-wound rheostat (‘onnected in .series 
with the eentade and compen.sated to 
obtain the desired linearity and pha.sc» 
characterist ics. 

The D and O Adjustments and Readouts 

1'he D and Q adjustments for the L 
and C bridge's are two ganged 40-db 
exponential iTu'ostats. The whole range 


of D or Q adjustment for each bridge is 
on a single scale, so that no multiplier 
is necc{?sary. The appropriate scale is 
illuminated, as is the letter D or Q 
al>ove the dial, so that there is no 
que.stion of what function is being read. 

Separate D scales are u.sed for the 
series- and parallel-capacitance bridges, 
and separate Q .scales for the scries- and 
parallel-inductance bridges. The ranges 
have wide overlap, .so that inductors 
with Q values from 1 to 50 (or capaci¬ 
tors with Z>’.s from 0.02 to 1) can be 
measured as either a series or parallel 
configuration. At Q values above 50 (D 
below 0.02), the difference between the 
series or parallel value is 0.04%, at most. 

The Q balance for resistance or 
conductance mea.surements con.sists of 
two decades of capacitance and a 
variable capacitor, with dials arranged 
to give in-line readout. An indicating 
light indicates whether the Q balance is 
inductive (for R measurements) or 
capacitive (for G mea.sure.mcnts). This 
readout also uses the X indication to 
facilitate balances that occur in the 
awkward region beyond 9 on* a decade 
adju.stment. 

ACCURACY 

The basic bridge accuracy of 0.1% 
at 1 kc is primarily a function of the 


Figure 5. Functional dia¬ 
gram of the eentade 
switching sequence. 



7 


lET LABS, INC in the GenRad tradition 

534 Main Street, Westbury, NY 11590 tel: (516)334-5959 • 


www.ietlabs.com 
9-8438 • FAX: (516) 334-5988 












GENERAL RADIO EXPERIMENTER 


and the stainlity of the 
standard eoniponents used. All the fixed 
rcsi.stoi*s, ineluding tlu>.s(; of the centude 
adju.stmerit, an* precision vvin'-wound 
units, .similar to tho.se used in Oenei'a! 
Radio decade resistors. The standard 
capacitor is similar to our precision 
silver-mica stamlard.s hut is shunted hy 
a small, .stabilized, |K)lystyrene capacitor 
to reduce the over-all temperature 
coefficient. The total capacitance is 0.15 
/if, .so that in 3-l<‘rminal capacitance 
measurements .substantial .sti*ay capaci¬ 
tance can be placed aci-os.s it without 
causing appreciable error. 

On the lowest im]x*dance range of 
each bridge we have added an additional 
0.1% to the accuracy speciti<‘ations, 
becau.se this I’ange u.ses a one-ohm 
ratio-arm i-e.si.stor, which is slightly less 
stable and moi’c alTected by po.si<ibl(* 
variations in .switcli-contact resistance 
than are those of higher vrdue. The 
range switches have s<did-silver double 
contacts to keep these variations small. 

The accuracy specification alscj in¬ 
cludes a iO.(K)5^Vf-of-full-.s(!ale term, 
which is rhJ ii tiivision on the la.st digit 
of the indicator. This limitation is 
impo.sed by the aliility to read the 
counter, the lineai'ity of the fine adjust¬ 
ment, and backla.<h in the counter drive. 
Tliis term reduces the bridge accuracy 
by a negligible amount at bdl .scale but 
at 1 /10 of full scale incieas(‘s the po.ssible 
error to ±0,15% (exc(*pt on the lowest 
impedance ranges when it becomes 
±0.25%). 

The other eiTor terms given in the 
specifications are important only for 
very high-/) or low-f^ measurements or 
have elTect only at higher fre(|uencies. 
It .should be noted that the l)asic 
accuracy even at 10 kc is 0.2% for 
L and C measurements and 0.3% 


for resistance and conductance. 

'I'he n'sidual impedances are the 
impedances a.s.sociated with the un¬ 
known terminals them.<elves. An internal 
four-terminal connection is made to 
tlie.se terminals, so that the resistance 
is that of the bimling post and the in¬ 
ductance is that of the loop completed 
by the .sliortest connection between the 
terminaLs. The 0.25-pf capacitance of 
the terminals can be removed by in¬ 
stallation of a grounded shield between 
them. 

Substantial effort was put into the 
design of this instrument to get the 
fixed pha.se* error term down to ±0.0005 
radian (the I) of C and L and the Q of 
H and (i) whi<*h we f(‘lt was neces.sary 
tor a preci.se bridge. F'or example, a 
0.1%, capacitor to lx* u.sed in a precision 
Iwin-T null circuit re(|uir(*s a dissipa¬ 
tion-factor measurement to O.OOl, .since 
this I) error could cau.se just as much 
unbalance in the null circuit a.s a 0.1% 
capacitance error. 'Fhe fi.xed error term, 
±0,0(K)5, is the more important, .since 
it i.s larger than the 5%) term for D 
values up to 0.01. 

With the resistance bridge, this phase 
])reci.sion enables one to ch{‘ck the Q of 
many lK)bbin-type, wire-wound resi.stors, 
which have appreciable reactance even 
at audio frequencies. 

If the bridge iiha.se .shifts were not .so 
clo.sfdy controll(*d, a more .subtle diffi¬ 
culty would occur. A D error could 
exist that would put the final balance off 
the end of the adjustment range for a 
very low-/>) component. If this I) error 
were, for example, a.s great as O.Ol, the 
capacitance balance would lie limited to 
aliout f * 2 %, .since the null-meter de¬ 
flection is proportional to the stpiare 
root of the .sum of flu* .squares of both 
adjustment unbalanee.s. 
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POWER SOURCES AND DETECTORS 

An intonuil, two-trnnsistor Ii(^ oscil¬ 
lator drives the l)nd^e llinMiirh a lirid^e 
transforiiKM* wIkmi the instrument is s(»t 
for l-kc measurements. It has an adjust- 
ahle output and appli(\s a maximum of 
about 1 volt Ik'IuiwI 50 ohms. The 
det(*clor us<‘s .six sta»i;es to ji:el very hi»;h 
gain and 25-dl) second-harmonic re¬ 
jection. d'his cin’uil has c<nnpre.<sion to 
give added range to the null-nuMer 
dtdiectioii to r<*(hice the ma'c'.ssily of 
d(‘tector gain adjustments. On I he 
extreme ranges, wlaae more gain is 
nM|uiied, an extra 20 dh of gain is auto¬ 
matically a<lded l>y the range switch. 

The s<'l<‘ctive circuits us<*d in tin* 
oscillator and d<‘t(‘ct<ir are mounted on 
n module that .slid(‘s in from the rear 
of the instrument and also provides a 
panel indicaliim of the internal fr(‘- 
ipiency. A l-kc modul(‘ is usually 
supplied, hut other fnanKUicies are 
availal^le upon recjiiest. When modtdes 
for other frecpiencies are us(»d. the 
prop<‘r fn‘<iu<‘n<*y-d<*pendent multiplica¬ 
tion factors for tin* I) and Q readings 
are also imlicatecl on the panel, 'fhe 
instrument can also he used with an 
external oscillator, which is ap|)li<‘d 
through tin* int«‘rnal bridge transformer, 
'riu* internal detector has a flat fre- 
<|U(*ncy r<‘spoiise for this mod(' of 
operation, and an external stdective 
det(M*tor, .such as the* Typk r282-.\ 
Tunetl .Vmplifler and Null l)(‘tector. is 
useful for m(*asurement at low levids or 
on nonlinear components. 

Three internal dc supplies are included 
to give good dc s(*nsitivity. These .sup¬ 
plies of 350 volts, 35 volts, and 3.5 volts 
are e’urrent limited to avoid damage to 
the bridge or unknown and are adeejuate 
tf) apply the standard KI.V test voltages 
for various types of ri'si.stors over most 


of the range. Th<‘ range .switch auto¬ 
matically choos<*s (he optimum .supply 
for (*ach range. Moreover, the switching 
changes tiu* manner in which the source 
is conn(*cted to the bridge to get maxi¬ 
mum .s(‘nsitivity and to prevent exctvss 
iiK'ter damping for low-n*sistaiic<‘ 
mea.surem(*nts. 

The dc detector is a .sensitive, sha()ed 
null indicator. To avoid the necessity 
of z(‘ro adjustment, no dc amplilier is 
used. With this .syst(*m, tl.l'T balance 
may be made from 1 ohm to I m(‘gohm 
if care is iak(‘n in reading the null 
det(*ctor, Provision is ma<le for the use 
of external dc .sources and high-gain dc 
null detectors. 

SOME ADVANTAGES OF 
AC RESISTANCE MEASUREMENTS 

The adilititm of a () balam*e for the 
R and (I bridge's makes possible the 
pr(‘ci.s(* measurement of resistors at I kr 
in.'^tead of at <lc. This not oidy ove'rcomes 
the* .s(*nsitivity limitatieen e>f the* elc 
l)ridge‘s at the* range e*xtr(‘me*s (.s(*e 
abov*e), but also mak<*s available* .semie 
ge*n(*nd aelvantage's that ac bridge's have 
ov’er de* bridge's. If the resistors are 
ge)ing to be used at ac, then an ac 
me*a.*<ureme'nt is nmre' leegical. Furth(*r, 
the* (J inelicatiem is u.se'ful in many cases. 
Ae* mt*asur(‘me*nts e*an be made* at a 
mue*h le)wer level than dc me'asurements, 
siiu-e* ae* detectors are generally nmre 

sem. sitive than elc de'te*cteu*s. hecau.se tlu'y 
have no dc drift. This nmans that., in 
many ca.scs, the ac measurement is a 
Ix'tter mea.siire of the low-lev(*l dc value 
e>f r(*siste)r.s that are ve)ltage e)r power 

sen. sitive. 

The last .statement is tnie e)nly if 
ilu're are no appreciable freeiiiency 
etTt'ct.s that would make the zeree-level 
ac and elc value's ditTerc'iit. The*re* an* 
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many }x>ssil)lo frP(|Uon(*y elTerts to hn 
considered, Imt the only important ones 
are distributed capaeitanci' elTects wliich 
cause difficulties only in the high 
megohm range at 1 kc. The trick that 
this bridge us(»s is that it rectuires that 
NCTicft resistance be measured when the 
unknown ri'sistor is inductive and that 
parallfi conductance be measured whc'u 
the resistor is capacitive. Series induct¬ 
ance does not alTect the value of .series 
resistance, and parallel capacitance does 
not affect the value of parallel conduct¬ 
ance (or parallel re.sistance). Of course, 
a resistor will have both series induct¬ 
ance and parallel capacitance, but the 
resonant fr(*(|uency of a resi.stor would 
have to lie 4o kc or lower to g(*t an error 
of or; at 1 k<*. Few .self-res|)<'ctiug 
resistors behave like that. ('I'liis <lo(‘s 
not mean to imply that tin* ac and dc 
re.sistances of a transformer or motor 
winding are anywhere near espial. II<’re, 
iron loss(*s are the main cau.se of 
difference.) 

APPLICATIONS 
R, L, C Components 

Bridges of this type are de.signed 
primarily to measure re.-^istois^, capaci¬ 
tors and in(hiett>rs, and this one will 
measure components whos<* specilied 
toleranci's are well below 1'^. It is 
often desirable to measun* B ^, or 
poorer, components to much higher ac¬ 
curacy, for example, in acceptanci* tt*sts 
on border-liia* I'UJ^es, in (piality-control 
work wh(*n* a distribution within the 
tolerance range is de.'^inal, or in develop¬ 
ment work when cumulative tolerance 
effect.s are being studied. Although 
specializeil pna'ision bridges ar(‘ recom¬ 
mended for measuremiMit of refcTcnee 
impedaiu’e standards, this bridge is 
ade< plate tf) check most .secondary 
Standards u.sul in production testing. 
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Note that it will compare two com¬ 
ponents of decade value to 0.01%, since 
they can Ikj balanced to the full-scale 
resolution. 

Networks 

The wide range and complete pha.<e- 
angle coverag(‘ of this bridge make it 
useful for mea.suring the im|KHlance of 
“black boxes.” 'Fhe bridge will balance 
for almost all pa.^sive impedances at I kc, 
the exceptions being the inductors above 
1 lOOh (which would prol)abIy be capaci¬ 
tive at 1 kc) and capacitic's alxjve 1 lOOaf 
(which .should u.sually be mcnisured at 
low frcMpiencies). Thus, .such things as 
potted networks, tran.sducer im|)edances, 
and amplifier input and output imped¬ 
ances can be mea.sured, and th(*iraudio- 
fre(piency characteristics plotted if an 
external oscillator \h us(‘d. 

In-Situ Capacitance Measurements 

We’ve found that the ability to meas¬ 
ure small capai'itances has been u.'''eful 
f<ir mea.suring the capacitance between 
com])onents, wires or mounting struc- 
tur(‘s. The advantage of thr(*(‘-t(Tminal 
capacitance measurements is u.seful here, 
siiH’e it is possible to mea.sure such 
(plantities as the capacitance betW(‘en 
any two (•(uiductoi's on an etched-board 
|)attern with the others grounch'd. This 
ability to make mea.Mirements in the 
presence of large capacitanci* to ground 
permits the u.se of long shielded cabl(\< to 
(T)nnect remote or otherwi.se inaccessibk* 
components and to reduce the shunting 
effect of l(*ad capacitance in the measure¬ 
ment of .small capacitors. 

Testing 

The Tvi’k 1(>5()-P1 'Fest Jig conm'cts 
conv(‘niently to the bridge (.see cover 
photograph), thus placing (piick-connect, 
.spring terminals on the bench directly 
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in front of t he* operator. If the gain of t he 
insirumen! is adjusted to give a eonven- 
iently read defleetion for a given bridge 
unbalance, this combination provides 
a versiitile and acetirate s(.*tup for tlie 
rapid tolerance testing of components. 

— Hk.nuy P. Hall 


CREDITS 

The* Tyi’K lt)OS-A IniiM'claiU'o waa 

dev(*lo|M*tl by II. P. Hall. U. A. Sodennan. 
Adiiiiiiistralive Kiigiijec*r; P. K. BodKC, Dt'sitin 
JOiiKiiHfr; C. S. K<‘niH‘<Iy, buyout I3raftsmun; 
W. II. lIiRgirilM>tham, PriMluctioii Kuginoer: 
and I). B. Bradshaw. Tt*st Kiigiuecr, have idl 
roiitrihuled to the final design. 

— hj>m)R 


SPECIFICATIONS 


RANGES 

Copocitonce: O.On pf to I ItX) in J*<‘ven ranges, 
series or parallel. 

Inductance: 0.05 ph to 11(K) h in seven rang(*St 
serif's or parallel. 

Resistance: 0.05 mil to 1.1 .MSi ae or de. 

Conductance: 0.05 IlH to 1.1 71 ae or d<‘ 
f2()kMi2 to 0.912). 

O of Series C: 0.000.5 to 1. 

O of Parallel C: 0.02 to 2. 

O of Series L: 0.5 tO 50. 

Q of Parallel L: 1 to 2(K)(). 

Q of Series R: 0.01X15 to 1.2 inductiVC, 

O of Parallel G: 0.(K105 to 1.2 capacitive. 

ACCURACY 
C. G, R, L 

At 1 kc: dbO l'./ =h0.tK15'r of full scale except 
on h»west /i' ami b ranges and highest C and fr 
ranges wlu*reit is ±0.2' yi ±0.005', of fullsc:dc. 

Additional % error terms for high frequency 
and large phase angle: 

C and L 

of tne.'isured (inantity. 

R and G 

[±0.()n2(,>„)±()..KK«K,l(,4,)±0.1Ci] 

of niea.siircd c|uanlity. 

Residual Terminal Impedance: /i ^ 1 ml2, L 

0.15 fih, r r- 0.25 pf. 

Dc Resistance and Conductance: Same u.s for 
I-kc measurements, ex<*ept th:U accuracy is 
limited liy .sensitivity at the range extrenurs. 
Balance's to O.Py, are no.ssil>le from IS 2 to IMSl 
with the internal supply ami <letector. 


D (orof C or L: 

±0.(KK)5 ±5' ^ at I kc or lower. 
±0.0005 ±5'. ^ above 1 kc. 

O of R or G: ±0.0005 ±2' 

GENERATOR AND DETECTOR 

Internal Oscillator: 1 kc ± 1 % normalI 3 ’supplied. 
Plug-in module.s for ot her fret|neticu's avadable 
on refjnest. Ix*vel eontrol provide<l. 

Internal Ac Detector: C'an be Used either flat or 
.•^eleetive at fre(|ueney of plug-in module 
(normally 1 kcl. Second-harmoni<‘ rej<s*tion 
jipnroximately 25 db; sensitivity eontrol pro¬ 
vided. 

Internal Dc Supplies: 3.5 V, .35 V, 3.50 Vj adjusl- 
able, ami power limit(‘<l to less than ’3 watt. 

Internal Dc Detector: Null indicator, I /Lai>min. 

External Oscillator and Detector: Tyi'E 1210-C’ 
I'nit UC 0 .scillator and Tyi*k I232-,\ Tuned 
Amplitier and Null Detector :ire ns'ommended. 

Dc Bios: Provision is made for biasin|?ca|)acitor.s 
to 000 V with external supplies, ;ind for biasing 
current in inductors. 

GENERAL 

Accessories Supplied*. Ty|*K f’.\P-22 3-Wire 
Power (’ord; .span* fuses mid indicator lum|>s. 

Accessories Avoiloble: TypF. 1050-Pl Test dig; 
external genendor and detector, if userl, as 
li.«ted above. 

Power Input: 10.5 to 12.5 for 210 to 2.50) volts, 
.50-00 cps, 10 watts. 

Mounting: lOither nday-rack or ben<*h, us listtsl 
Ih*1ow. 

Dimensions: Hack model, panel, 19 by 12H 
inche.s (485 by 315 nun); bench model, width 19, 
height 12’‘>, depth IPj inchf*s (4S5 by 320 
by 295 mm), oversdl. 

Net Weight: 30'*4 pouiub (17 kg). 


Type 


('odv Word \ 

1 /v/rc 

1608-AM 

Impedance Bridge (Bench Mount). . 

AR(H)S 

$1175.00 

1608-AR 

Impedonce Bridge (Rock Mount).. 

.\NVIL 

1 1175.00 
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GENERAL RADIO EXPERIMENTER 


RELAY-RACK MOUNTING FOR THE OUTPUT POWER METER 


Tlio Typk 1840-A Output Power 
Meter, de.scril)ed in the January-Fehni- 
ary issue of the Experimenter^ ean Ik* 
adaptcHl for relay-raek mounting by 


the addition of panel extensions. Order 
Typk 480-1^12 Panel Extension.s as 
listed l)elow. 




Net 



Type 


Weight 

Code Word 

Price 

480.P212 

Panel Extentions (pair). 

4 oz (115 g) 

EXl’ANELBAT 

$6.00 


NEW LINK UNIT FOR THE GRAPHIC LEVEL RECORDER 



The Type 1521-A Graphic Level Recorder with the new 
Type 1521-P14 Link Unit it shown driving (below) the 
Type 1304-B Beot-Frequency Audio Generator and 
(right) the Type 1554-A Sound and Vibration Analyzer. 


•I 


A new Link Unit, Type 1521-P14, is 
now available to eouple the Type 1521-A 
Oraphie Ix*vel Heeorder to the Type 
1304-H I^at-Frequeney Audio (lenera- 
lor or to the Type 1554-A Sound and 
N'ibration Analyzer for the automat ie 
recording of fn»(|ueney resiKtnse char- 


aeteristies. With this link unit, tin* audio 
generator ean lx* mounted either alxtve 
or 1m»1ow th(» recorder. The anaU'ztT is 
oix'rated above the recorder. 

The Type 1521-P11 Link UniL with 
which the generator could Ite mounted 
only above the recorder, is di.scontinued. 


Tiipe 


('ode Word I 

Price 

1521-P14 

Link Unit. 

PANIC 1 

$18.00 


General Radio Company 
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